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Introduction
The traditional risk factors for stroke have been identi-
fied by various large clinical trial studies conducted over
many years1,2. In addition, stroke prevention with var-
ious medications such as aspirin has been shown to be
effective1,3,4. However, stroke remains one of the top
ten causes of death in Taiwan5. A key factor is lack of
effective and portable screening tools. Advances in
technology and new inventions, such as electron beam
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SUMMARY
Background: Although there are several extensive studies on stroke risks and prevention, stroke has remained
one of the top ten causes of death in Taiwan for many years. The key factor is a lack of an effective and nonin-
vasive screening tool for stroke risk. The arterial stiffness index (ASI), which measures artery distensibility and is
correlated with arthrosclerosis, is gaining popularity nowadays for stroke risk assessment. In our study, we
investigated the relationship between stroke and ASI as well as other noninvasive screening tools such as the
ankle brachial index (ABI) and arterial wave pattern.
Methods: This community-based prospective study was conducted between August 2005 and June 2006. The
control group consisted of 629 volunteer adults above 30 years of age living in the northern Taipei area. The
stroke group consisted of 266 newly diagnosed stroke patients. Participants completed a structured question-
naire, and blood samples were collected. In addition, a validated oscillometric automated digital blood pres-
sure device was used to measure the participant’s ASI, ABI and arterial wave pattern. The odds ratio was then
computed to evaluate the association between each factor and stroke.
Results: Our study showed that abnormal ASI (ASI < 70) was associated with a six times higher risk of stroke.
Even after adjustment, the adjusted odds ratio was still 1.8. We also found a significant association between
stroke and both ABI and arterial wave pattern (odds ratios, 2.15 and 2.98, respectively). In addition, when we
employed ASI and arterial wave pattern together, the adjusted odds ratio for stroke was 1.87. The odds ratio
increased significantly to 10.53 when all three factors were taken into consideration.
Conclusion: Our study showed that ASI, arterial wave pattern and ABI are correlated with stroke risk. In addition,
when all these factors are taken into consideration, they create a synergistic effect in evaluating the risk of
stroke risk. [International Journal of Gerontology 2010; 4(2): 75–81]
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computed tomography, magnetic resonance coronary
angiography, carotid ultrasonography, and high sensi-
tivity C-reactive protein (CRP) and lipid profiling, all have
their pitfalls when used as screening tools on a large
scale. This includes high cost, poor accessibility, inade-
quate accuracy, or invasiveness6–9. Because of these
inconveniences, patients often receive an examination
after presentation of symptoms, resulting in a delay in
treatment. Thus, it is essential to find a cost-effective
method with good accessibility to the public for stroke
risk assessment.
Among the current methods for noninvasive screen-
ing tools, the arterial stiffness index (ASI) shows promise.
ASI is a measurement of the compliance and distensi-
bility of the arteries, and is directly correlated with
atherosclerosis10. However, there is still some debate
about the optimal method for ASI calculation and mea-
surement. Among them, aortic pulse wave velocity (PWV)
and 24-hour ambulatory ASI are the most popular for
ASI calculation at the present time. However, there are
extensive studies demonstrating a strong correlation
between stroke risk and both indices11–14. Measure-
ment requires extensive effort, which violates our goal
of simplicity and accessibility. In our study, we chose a
simple technique in which ASI is measured by a blood
pressure (BP) cuff on the subject’s arm. To our knowl-
edge, current research implementing this technique
either is limited in sample size or was not tailored for
stroke risk assessment. Furthermore, we have measured
the ankle brachial index (ABI), because it is considered
to be an indicator for atherosclerosis as well as being
easy to obtain by simply applying an additional BP cuff
to the lower leg15. We have conducted a large prospec-
tive study aimed at investigating the correlation be-
tween ASI and stroke risk and whether other risk factors
such as ABI have an impact on this assessment.
Materials and Methods
Study population
Two hundred and sixty-six patients, aged 26–98 years
and with stroke newly diagnosed by experienced neurol-
ogy doctors, were recruited from the emergency depart-
ment of Shin Kong Wu Ho–Su Memorial Hospital from
August 2005 to June 2006. A total of 629 control sub-
jects with no evidence of stroke were recruited from
community-based health examinations in the same
area. The study was approved by the institutional review
board for human subjects of Taipei Medical University,
Taipei, Taiwan, and each subject provided written
informed consent.
Data collection
Well-trained personnel carried out standardized per-
sonal interviews based on a structured questionnaire.
Information collected included demographic and so-
cioeconomic characteristics, and personal medical his-
tory. We measured each participant’s body weight and
height. These data were used to calculate body mass
index. In addition, we asked participants to fast for more
than 8 hours before blood collection. Total cholesterol,
high-density lipoprotein cholesterol, low-density lipo-
protein cholesterol, glucose and CRP were measured.
After the subjects had rested for at least 5 minutes,
BP was measured by a validated oscillometric auto-
mated digital BP device (CardioVision MS 1900; Medmax
Medical Technology Corp. Co., Ltd., Taichung, Taiwan).
If a BP reading between two measurements differed by
more than 10 mmHg, an additional BP measurement
was carried out. The average BP was calculated from the
two nearest BP readings. Based on the collected data,
the computer would calculate an ASI and arterial wave
pattern. In addition, another BP cuff was placed on the
participant’s lower leg for ABI measurement. We de-
fined the normal values as ASI >7014, ABI of 0.9–1.3, and
arterial wave pattern of type A. Data outside this range
were considered an indication of high risk of stroke.
Statistical methods
Statistical analyses were performed using SAS 9.1 soft-
ware (SAS Institute Inc., Cary, NC, USA). The χ2 test was
used to test the differences between categorical vari-
ables and the Student t test to examine the differences
in continuous variables between cases with and with-
out stroke. Logistic regression models were further used
to estimate the multivariate-adjusted odds ratios (ORs)
and their 95% confidence intervals for stroke risk.
Results
Of the total 895 participants, 266 were stroke patients. We
found that stroke patients were older and had a higher
percentage were smokers and had diabetes mellitus (DM)
(Table 1). In addition, they tended to have elevated sys-
tolic BP, blood sugar, triglyceride and CRP, but lower high-
density lipoprotein and total cholesterol levels. Sex, body
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mass index, diastolic BP and low-density lipoprotein were
not significant characteristics among stroke patients.
Table 2 illustrates that only DM and age showed
statistical significance on ASI, while other factors such
as cholesterol had little impact on calculation of ASI.
However, we found that cholesterol along with sex, DM,
age and body mass index did show varying degrees of
significance regarding arterial wave pattern.
To investigate the correlation between ASI, ABI and
arterial wave pattern with stroke events, we calculated
their ORs against stroke. In Table 3, we show that
patients with abnormal ASI were six times more likely
to have a stroke compared with patients with normal
ASI. Even after adjustment for age, sex, smoking, DM
and cholesterol (for factors that showed a statistically
significant impact in Table 2), the adjusted OR was still
1.8 times higher than in patients with a normal ASI.
Therefore, abnormal ASI is a significant risk factor for
stroke. With the same methodology, we found that 
abnormal arterial wave pattern and ABI had adjusted
OR values of 2.98 and 2.15, respectively. This indicates
that all three measurements were significantly associ-
ated with the risk of stroke.
Although we found that all three factors were indi-
vidually associated with stroke, we explored whether
adding them together created a synergistic effect. We set
an ASI < 70, type A arterial wave pattern and ABI be-
tween 0.9 and 1.3 as our norm. As shown in Table 3, we
found that the adjusted OR for abnormal ASI was 1.81.
When we added an abnormal arterial wave pattern to
our model, the adjusted OR increased to 1.87 (Table 4).
Furthermore, the adjusted OR increased dramatically to
10.53 when all three factors were abnormal. This indi-
cated that a patient’s stroke risk increased by about 10
times when all three factors were present.
Discussion
Nowadays, most studies focus on measuring the 24-hour
ambulatory ASI after continuously measuring BP for
24 hours or aortic PWV via the femoral artery. These
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Table 1. Basic characteristics of stroke patients and urban volunteers*
Variable Total no. of subjects Stroke patients (n = 266) Urban residents (n = 629) p†
Sex 0.06
Male 454 148 (32.60) 306 (67.40)
Female 441 118 (26.76) 323 (73.24)
Smoking‡ < 0.01
No 633 165 (26.07) 468 (73.93)
Yes 254 93 (36.61) 161 (63.39)
DM§
No 699 140 (20.03) 559 (79.97) < 0.01
Yes 190 125 (65.79) 65 (34.21)
Age (yr) 65.80 ± 0.83 56.72 ± 0.43 < 0.01
BMI (kg/cm2) 24.58 ± 0.41 24.23 ± 0.13 0.41
SBP (mmHg) 161.75 ± 1.92 125.73 ± 0.77 < 0.01
DBP (mmHg) 77.55 ± 1.10 78.73 ± 0.44 0.32
Glucose (mg/dL) 116.93 ± 2.95 98.19 ± 0.91 < 0.01
Triglyceride (mg/dL) 144.74 ± 5.64 123.78 ± 3.33 < 0.01
Cholesterol (mg/dL) 185.53 ± 3.31 204.04 ± 1.51 < 0.01
HDL-Cho (mg/dL) 47.74 ± 1.01 50.46 ± 0.57 0.02
LDL-Cho (mg/dL) 129.38 ± 3.73 129.95 ± 1.39 0.89
CRP (mg/dL) 1.74 ± 0.24 0.19 ± 0.01 < 0.01
*Data are presented as n (% of total number of subjects) or mean ± standard error; †c2 test for categorical variables and Student t test for 
continuous variables; ‡eight subjects’ data were missing; §six subjects’ data were missing. DM = diabetes mellitus; BMI = body mass index;
SBP = systolic blood pressure; DBP = diastolic blood pressure; HDL-Cho = high-density lipoprotein cholesterol; LDL-Cho = low-density lipoprotein
cholesterol; CRP = C-reactive protein.
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Male 62.13 ± 1.43 316 (69.60) 87 (19.16) 51 (11.23)
Female 61.79 ± 1.84 299 (67.80) 65 (14.74) 77 (17.46)
Smoking§ 0.56 0.18
No 61.40 ± 1.47 442 (69.83) 96 (15.17) 95 (15.01)
Yes 62.74 ± 1.78 170 (66.93) 51 (20.08) 33 (12.99)
DM < 0.01 < 0.01
No 56.87 ± 0.98 526 (75.25) 83 (11.87) 90 (12.88)
Yes 80.95 ± 3.82 84 (44.21) 68 (35.79) 38 (20.00)
Age (yr) < 0.01 < 0.01
< 65 55.50 ± 0.98 458 (77.63) 71 (12.03) 61 (10.34)
≥ 65 74.47 ± 2.70 157 (51.48) 81 (26.56) 67 (21.97)
BMI (kg/cm2) 0.09 0.02
< 27 57.02 ± 1.17 445 (76.86) 65 (11.23) 69 (11.92)
≥ 27 61.47 ± 2.45 106 (72.11) 29 (19.73) 12 (8.16)
Triglyceride (mg/dL) 0.41 0.20
< 200 61.59 ± 1.27 523 (69.00) 123 (16.23) 112 (14.78)
≥ 200 64.47 ± 3.31 82 (70.09) 24 (20.51) 11 (9.40)
Cholesterol (mg/dL) 0.25 < 0.01
< 240 62.47 ± 1.28 501 (66.98) 133 (17.78) 114 (15.24)
≥ 240 58.63 ± 3.02 104 (81.25) 14 (10.94) 10 (7.81)
HDL (mg/dL) 0.95 0.78
≥ 40 61.10 ± 1.42 434 (70.68) 91 (14.82) 89 (14.50)
< 40 61.27 ± 2.31 155 (72.77) 31 (14.55) 27 (12.68)
LDL (mg/dL) 0.65 0.21
< 160 60.86 ± 1.33 471 (70.09) 103 (15.33) 98 (14.58)
≥ 160 62.30 ± 3.04 112 (77.24) 16 (11.03) 17 (11.72)
*Data are presented as mean± standard error or n (%); †Student t test; ‡c2 test; §eight subjects’ data were missing; ||six subjects’ data were missing.
DM=diabetes mellitus; BMI=body mass index; HDL=high-density lipoprotein; LDL = low-density lipoprotein.
measurement methods either are time consuming or
require invasive procedures. Other noninvasive tech-
niques such as brachial/ankle PWV have been attempted
with mixed results for stroke risk assessment16–20. In our
study, ASI was measured by connecting a sphygmo-
manometer to a laptop. The computer-assisted oscillo-
metric sensor detected a change in BP at the brachial
artery and recorded its pulse wave amplitude pattern
to formulate the ASI. We found that the frequency of
an abnormal ASI increased with stroke incidence. After
adjustment for other risk factors, subjects with an ASI
level > 70 had a 1.8-fold increase in the risk of stroke.
In addition, the risk increased exponentially to tenfold
when the arterial wave pattern and ABI were also
abnormal.
Our study also showed that ABI has a great influence
on stroke risk. Traditionally, ABI is used to evaluate pe-
ripheral arterial obstructive disease, which is also an
atherosclerotic disease15. However, the relationships
between ABI, ASI and atherosclerosis are still contro-
versial. One study compared ABI and brachial/ankle
PWV in patients receiving hemodialysis or those who
had chronic renal disease, and the authors found that
ABI < 0.9 was associated with increased age, DM and
increased pulse pressure, while brachial/ankle PWV was
positively associated with age, DM, and systolic and dia-
stolic BP21. Another study found that a group with high
ABI (ABI≥1.3) had the characteristics of male sex, larger
waist circumference, and lower high-density lipoprotein
and blood glucose, but this did not correlate with PWV22.
Furthermore, one investigator found that there was a
strong association between ABI and ASI15 while another
found that a high ABI value might not be a marker for
atherosclerosis risk in the general population22. How-
ever, few studies have investigated whether a combi-
nation of ABI and ASI creates a synergistic effect in stroke
risk prediction. Regarding our findings, further research
may help determine if ABI will increase the power to
predict stroke risk.
Although our research is still in its primitive stages,
we are able to conclude that ASI is a good screening tool
for stroke risk, especially if further analysis is still re-
quired. Compared with other highly sensitive tech-
niques such as sonography or magnetic resonance
coronary angiography9,23,24, we believe that this tech-
nique has good accessibility, portability and cost effec-
tiveness, which will be more influential for stroke
prevention. For instance, the public has been aware of
the danger of both stroke and hypertension for a long
time. Similarly, the clinical course for both illnesses is
silent until the advanced stages. However, over 60% of
relevant subjects receive antihypertensive treatment,
while the number participating in a primary prevention
program for stroke is much fewer2,25. We believe this is
because sphygmomanometers are widely available in
Taiwan. They can be found in hospitals, clinics, pharma-
cies, and many public spaces. Thus, the elderly usually
have an awareness of their BP levels and seek medical
attention before hypertension becomes uncontrollable.
However, most people lack awareness about stroke and
often receive treatment only after severe symptoms
have presented25. Despite a minor reduction in accu-
racy, an inexpensive method such as ASI can screen out
lower-risk patients and redirect higher-risk patients to
hospital for extensive workup and treatment, which
would not only use scarce medical resources more effi-
ciently, but would also increase public awareness about
stroke when such a tool is widely available.
There are several limitations in our study including
measuring error, reoccurrence of stroke in patients, and
the effects of drugs. We calculated ASI based primarily
on BP readings, which may vary with a participant’s
condition on the examination date. However, we tried
to eliminate this error by asking participants to take a
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Table 3. Odds ratios (ORs) and 95% confidence interval (CI) for associations of arterial wave pattern, arterial stiffness index
(ASI) and ankle brachial index (ABI) with the risk of stroke*
Variable
Total no. Stroke patients Urban residents
Crude OR (95% CI) OR† (95% CI)
of subjects (n = 266) (n = 629)
ASI
< 70 698 145 (20.77) 553 (79.23) 1.0 1.0
≥ 70 197 121 (61.42) 76 (38.58) 6.07 (4.32–8.53)‡ 1.80 (1.12–2.89)§
Pattern
A 615 109 (82.28) 506 (17.72) 1.0 1.0
Non-A 280 157 (56.07) 123 (43.93) 5.93 (4.33–8.11)‡ 2.98 (1.86–4.49)‡
ABI
0.9–1.3 714 178 (24.93) 536 (75.07) 1.0 1.0
< 0.9 or > 1.3 88 47 (53.41) 41 (46.59) 3.45 (2.20–5.42)‡ 2.15 (1.12–4.14)§
Missing 93 41 (44.09) 52 (55.91) 2.37(1.52–3.70)‡ 1.79 (0.92–3.47)
*Data are presented as n (% of total number of subjects); †adjustment for age, sex, smoking status, systolic blood pressure, diabetes mellitus,
cholesterol in the model; ‡p < 0.001; §p < 0.05; 0.05 < p < 0.1.
Table 4. Multivariate-adjusted odds ratios (ORs) for stroke risk with regard to arterial wave pattern, arterial stiffness index
(ASI), and ankle brachial index (ABI)
ASI Pattern ABI Crude OR (95% CI) OR* (95% CI)
< 70 A 1.3–0.9 1.0 1.0
≥ 70 Non-A 7.28 (4.87–10.89)† 1.87 (1.05–3.31)‡
≥ 70 Non-A > 1.3 or < 0.9 36.42 (10.59–125.20)† 10.53 (2.09–52.97)†
*Adjustment for age, sex, smoking status, systolic blood pressure, diabetes mellitus, cholesterol in the model; †p < 0.01; ‡p < 0.05. CI = confi-
dence interval.
break before the examination and we rechecked the
patient’s BP if a large fluctuation was found. However,
the error may still have been present. Secondly, we ex-
cluded prior experience of stroke by questionnaire or
initial physical examination, and some subjects who
had experienced a transient ischemic attack or minor
stroke may not have been identified. Finally, the aver-
age age for both groups was around 60 years, and
many were taking several drugs for various reasons.
Nevertheless, there are many studies denying an effect
of most antihypertensive drugs on calculation of ASI,
and evidence is lacking of an effect of many other
medications26.
In conclusion, our study showed that subjects with
higher ASI are likely to have a higher incidence of stroke.
When ASI, arterial wave pattern and ABI are considered
together, this creates a synergistic effect and enhances
stroke risk assessment. However, further studies are
required to evaluate if these methods can serve as
effective screening tools for stroke risk prediction in
practice.
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